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BIS* (HYbRbXYiliKyiJ^ 

ZKHIBIT0R8 OF PROTEIN KIN^ 

g^ieia Of the Inventibii 

. : The present invervtion relaties ' t^^^ the field of 
5 treatments; tot inf liaTTnnaiory and cardiovasdular diseases, 
and chemotherapeutic agents More particularly > the 
present invention relates to novel asymmetric: 1 , 4-^bis- 
( amino-hydroxy lall^y^^ -anthraqpiinoiies^^^ for inhibiting 

•■■'■^rthe enzyme, protein' .kinase ■ 

id Reference to Related Applicatiohs 

; : T^^ appllcatibn: i^ a continuatioh-in- 

: V y part applic AppiicaitiiOn Serial hb. 07/609,252, 

V f iie(d :Novej^^ B- Biahg and 

Ma^ G^oi§^ entitled :"BI - : / 

15 ANTHRAQUINONE^ INHIBITORS OF PrtOTEIN KINASE C" , which is in 

turn a continuation in part appiication of U.S. Application 
. : • Serial no . 07/ 609, 179 v filed November 2 , 1990, the 

disclosures of both of which are hereby incorporated by 
X. re^ fully set forth hef re in. 

20 Baclcaround of the Invention 

f i -. Protein kinase C (PKp) is .a f 

stimjila^ serihei/tiirebnineT - 

specif ic ^jirjb^ important "r;ole in 

cellular igrbiirth cont^^ regulation, and differentiation. 

25 protein Kinase C is: a^ the processes 
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involved in; tumor igenicity, since , it is the majjor. highr 
affinity receptpr for several classes t\mor prompters as 
well as for endogenous cellular diacylglycerbls. These 
ttijpor promoters also stiinul protein kinase C catalysis. 
5 Castagna et ai; (198^ J; Biol. Chem, 257 ; 7847 reported 
direct actiyatipn of protein kinase C by tumor-promoting 
phbrbol esters. The mechanisms of protein kinase Cactiori 
have been describe^^ U.S. issued March 

28/ iL9^9 to Bellvgt r tbet disdlofiiures of which are 
id specifically incorporated as if fully S(^t if brth here^^^^ 
^ ; kinase C is actdLvated by diacylgiycerol (DAG) , a 

neutral lipid, and when activated will transfer the y- 
phpsphate bf MgATP to a serine or threonirie residue on a 
^ substrate protein. : 
15 Since the activation of protein k^^ 

been implicated in several human disease processes, 
^ ...including caiiQi^r t and rep^r fusion ■ 

injury, inhibition of protein kinase C should be of great 
tiierkpeutic va thesp cdnditipft^^^^ 

20 Protein kinase C inhibitors have been reported tb 

potentiatet :.t^ activity of cis-platin both in 

; ; vitro : and " i^^^ al. (1989) Adv. Enzyme 

i Re^^ 201; German Offenlegtuig^sc?hrift p . 

In addition, it lias been suggested tii jirptiein kinase C 
^5 would iDe a potential target for th^ape^ 

of its central rple in cell growth (Trittpn, T^R. and 
HiqkmcUi, J. ii. Cancer Cells 2 r 95-102 (1990) ) . 

Protein kinase C iriliibitbrs have been 
= : Remonstrated to block platelet aggrega^ 
3b neutrophil activating agents suph as platelet activating 
f aptor (PAF)^^^^^^^^^ al. (1988) Biochem. Biophy. Res. 

Commtm. i5l| 542^^^^^ Hannun et al. (i987) J. Biol. diem. 262: 
13620; Ya^ada;^t'^^^ (198?) Biocai€aci.:>h^ 17^1161). 
prptein kinase C inhibitors havi^ also been shown to inhibit 
35 neutrophil actiyatipn, and chemotabtic migration (Mclntyre 
• et al. (1987) J. Bibl Chem. ■ 262 ; 15730; .'Lambreth et alv 
(1988) J. Biol. Chem; 263! 3818;; Pittet et al. (1987) J. 
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Biol, caiein, 262 ; 10072; and GaiKbry et al. (1988). Immunology 
63 : 715) as. well as neutrophil degranulation and release 
of protebiy^ic en^^ interaediaties 
(Wilson et al. (1986) J. Biol. Chen, gexi 12616; Fujitaet 
5. al. (1986) Bib Pharinacpl. 15: 4555; B^rHow et al. 

(1987) J- JLeuJcO^ Biol. 41: .441;\^S al. . (1987) ... 

Biochem. Bioi)hys. Res. Commiin. 148 : 747; Kramer et al^ 
(l?89y^>^ 262; 5876; and Dewald et al. (1989) 

Bidcaiem. J . 264: 879) . Thus inhibitor!^ of protein kinase q : 
10 have the capabil^ of blbqikiiig^^a^ three Qf the most 
significant meciiM of pathbgeiiesis associated with 
myocardial feper fusion injury, and should thus have a 
decided therapeut^ t*^ 
inhibitory ejfiebt of pr^^ C inhibitors on 

15 keratinocytesV and on the oxidative burst in neutrophils 
will lead to an ianti-inflammatory^e^ 

Substituted anthraquinones have been reported for 
various uses, including cancer treatment. U.S. Patent 
3,960,751 issued Jime 1, 1976 to Mpriyama et al. discloses 
20 substituted anthraquihqhes useful U.S. 

Patent 4,598,1^5 iss^ 1986 to Adeun disclbsies 

> tetraiziQle sxibstitute^ as '^dyes . 

■ U.si^ 4,762,648 issued August 9> 1988;: to 

^^^^^ v S^ et aif discloses mono-fmictional and bis-fiihcti 
25 antJiraquinone-(oxyT2;>^^^ 

. int^raediates i the preparatipri b^^^^ possessing fl-: ' 

, • receptor Ib^ as carosisli agents irl the ; 

preparation bf^ p^ ittie crappunds a^Uso exhibit 

- cytbstatic activity. 
30 Several patents disclose IJie use of substituted 

• anthraquinones for treatment of neoplasms . U. S . Patent 
.4,894,451 issued January 16, 1990 Sfe al. 

. discloses uiisymm^trical l,4-bisr-(aminoal^ " 

anthraceher9 > lO^dipii^si; usei^ the trisatitM^nt of 
35 neoplasms.^ ; 12, i9iB2 - 

to Zee^diehg; <Bt ^ a disclose^: l,4-^bis'!-(i5u)^ 
aminoalkylain^^ the treatment of 
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neoplasms. U;S. Patent 4/^^^ July 2, 1985 to 

Murdock st al discloses symmetricai lV4-bis (substituted- 
^; : aMrio)^^ useful as chelating. 
' : agents and for inhibiting tte growth of tumors. y.S.. 
5. Patent 4,197,249 issued April 8 , 1980 to Murdock M ai also 

.; d^ydfc6aQ^antaura<i^ useful as chelating agents and f br 

inhibiting this grpwtzh of tuaiirs. U.S. Patent 4,540,^88 ■ 
Sei>t^er lb, 1985 to Murdock discloses i, 4-^^^^ 
lb aminoalkyl)amino]-9,l6-anthraeenedioh^^ and leuco base^ 
thereof whicai are useful as chelating agents and for . 
inducing regress iori of leukemia and/or inhibition of tumor 
growth in msumnals. Japanese patent 19819 issued May 7, 
: 1990 discloses substituted anthraquinbhes haying 
15: substituents at positions 5 and 6 of the anthraquihone ring 
structure which ar^ useful as anti-tumor agents alone; or in 
■ combination with p-Uier a^ 

GeriBM Off ehlegungsschrif t DE 3827974 Al 
; discloses therapeutic i^^^^ comprising a protein 

^° ^ inhibitor in cpmbination with a lipid> a lipid 

; arialogue, a cytostatic agent or phosphpiip^^^ 

Hovever , nonp b pi-oi^ri . 

: ^^^f^^^ c ihhibitbrf d:is(bitised in thii; public ^ are . 

substituted anthraquinories . ■ -r-^.i-^ f 

25 Although substituted arithraquinones have Iseen i 

reported for cancer treatments , substituted anthraquinones 
such as Mitoxantrpne, are known to be assbcia^^ 
.effects, mainly immunbsuppressi and drug 

i;; . resistarib^. ACcjp^rdingly novel canceg: treatments that avoid 
3;p;^, some .bp. .-Jill of the^e;..<toav^awats are neseded.; ^ 

irtflai^at^^ injvtr^, 
y^^^^^^^ pertaining tP cardiac injury, are common ■ 
ctMn^itiipns f or: vrtiich t^e ^xX^ ria -^idi^:^^ treatment • 
desi>itp ejctensiy^^^ and apptopriate Itrejt^^ f V 

35 ttiiese. cbriditibiis are needed. 
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Summary of tl^e invex|tion : 

The prebfnt invention provides novel asyiioietric 
sufajstituted antte 




O NH(Cil2|^QH(0H) (CH2),NRjR2 



O NH(CH2)^CH(OH) (CH2)^A 



Wherein and Rj are independently H, C^-C^q alkyl, aryl, 
5 arylaljfcyi, alkylaryl, or R^ and taken together with the 
adjacent nitrogen atom N form a substituted or 
: unsubstituted cyplic ring, which ring may optionally 
contain additional htsteroatoms including oxygen, nitrogen . 
or^-^s^ independently 1, 2/ or 3; A is 

10 Halogen, OH, alkoxy^ OCOCNRjR^^^ S--C(NH2)=jlR5 r or when m = 
1 , ciDinprises an bxirahe ring wi|:h the^^^^^^a^ atprn; 
: R^V and Rg a^ independently H/i a^ or aryl; X is H, 

OH NRgR^, CI- Br, 1/ F, alkyl, aryl, alkoxy, aryloxy, COORg^ 
or CONR^R^^; arid R^ R^, R^, R^, arid R^^ are independently H, 
15 lower alkyl, or aryl, 

!irhe hovel compounds of the invention jare useful 
; ; for inhibiting protein kinase C and are furt^ useful for 
: treatfing conditions related tb, or affected by inhibition 
: of protein kinase C, particular iy cancer tumors / 
20 inflammatory: dise reperfuisibn i and 

cardiac; dysfuiib^ related to reperfu^ 
Inhibition of prpte^ inhibition of 

growth of cells arid can thereby produce an anti-stumor 
effect. Further/ inhibitiori of protein kinase C can alsp 
25 lead to inhibition pf the oxidative burst in neutrophils, 
j^latelet aggregation > .and keratinbcy prpliferatibn, 
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whereby an anti-infl The 
iniii^i^Pnr actiyiti^?^ of the compounds of the invention 
against {>latelet aggregation, neutrophil artiyatioh/ and . 
: net^trophil release demonstrate "^eir usefulness, in treatiiig. 
5 reper fusion injury, pjart icular ly myocardial reperfusion 

injury.;;.,,.,-,.,.; \ ',. ;.' '. ' '. . . 

The compounds of the invention are esq^ected to 
part icul^^y useful ih^ l^e treatment of tumors resistant to 
treiatoep^ 
10 SurpriSiiigly^^^ 

inhibit prpi^ein kinase C even in adriamycin or Mitoxantrone 

resistant: cells, and thus are not cross-resistant . with 
these chemotherapy agents.;. 

c6mE)o\mds of . the . invention a^ able to irihibit 
15 proliferatibn of tiimor cells at low concenteations (less 
than 1 /iM) which should lessen then potential for 
deleterious side eff (Bcts of compounds of the . invention when 
administered for treatment of tiomors. . 

The compoilnds of the ihveritibn appear to have no 
20 effect on CAMP deperideiit proteiri; jlcinas^^^^ c and should 
cjonsequently liave ho effect oii the :i pathyays 
associated wit^i stipulati^^^^^ of protein kinase c by cAMP . 

"^^^ particularly pbihted out 
in the apperided^ and Is described in its preferred 

25 epl?9diinfinis in th^ 

Brief pescriptiph of 

: Figure 1 ishows the; synthetic route of Scheme I 
which is used for syhthesis of compounds of the invention. 

. figure 2 shows the synthetic route of Scheme II 
30 whiqh is used for synthesis of compounds of the invention. 

[.^[P^xfwc^ y shows: the synthetic route of Scheme III 
. . syhthesj^e of; c6n4)ounds of the invention. 

Figure 4 shows a graphical representatipn ;of ^^^^^^^ 
median MCF-7 tumor weight of control and mice treated with 
35 compound lb=l vs. da^rs post Implant of the tumor. OSimpr 
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size for control mice is shown by solid circles; tumor 
weight for test mice is shown by spl id squares.. 
Detailed Descrlptipn of the Inyentibn ^ ^ 

The. present ihyentibh^.p^ novel substituted 

5 anthraquinphek ha^ 



NH (CiljJ^CH (OH) (Clii ) ^HR^Rj 




O NH(CH3)^CII(OH) (Cll3)^A 

Rj^ and are preferably independently H, C^-C^q 
alkyl,: aryl, arylalkyl/ alkylaryl, or R^ and R2 taken 
together with the adjacent nitrogen atom N form a 

lb substituted or tinsubsti tut ed cyci^ ring; more pref eraibly H 
or lowei: alkyl; most preferably low^ alkyl. : m and n are 
preferably Indepehdently 1 , 2 / or 3 ; more prief erably ; 1 or 
2; most preferably. 1, :^ A is prfeferaibly halogen, OH, alkoxy, 
dCb(Nk^R^) / ?-C(NH2)=?^NR5,; p an 

15 oxirane r adjacient pxyg^h a^ 

halogen/ 6^ SC(NH2)-NR5, or whenLm « 1, comprises . 

an oxirarie ring with the adjacent oxygen atom; most 
preferably CI, Br, OCO(NR3R^) , SC{NH2)=NR5, or when m = 1, 
comprises an oxirane ring with the adjacent oxygen atom. 

20 Halogen as used herein includes fluorine, chlorine, 
/ bromine, and iodine. R3, R^, and Rg are preferably 

independently H, alkyl, or aryl; i^ore preferably H or ; 
alkyl; most preferably H. X is preferably H, OH NR^R^, CI, 
Br, 1; p/^ ^ryl, alkoxy, iarylpxy, CdORg, or CQNR^R^q; 

25 more preferaA)l^vH^ cl, Br, I; F,; most 
preferably H or OH. R^, R^, R^, R^, and R^q are 
independently H, lower alkyl, or aryl. As used herein, the 
term ipwer alkyl is intended to mean C^^-^Cg alkyl. 
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As vis^d heriein, alkyl /^ubstituerits ihciude : 
^M^^^^*^ Phain* branched and cyciip moieties, preferably 
straight chain species. While saturated species are :C 
preferxed/ \msatur^ some 
.5 substituents ^ Alkaiyi sybstitueht pref etably 

.... 1.;; b^hze|ne mdieties/ wlthl orHtho, metal ; and parei^. , " 

siubsiSituehts each bel^eVed ta b^Maseful. Multiple 
substitutions are similarly useful. Aralkyl substitueilts 
.^r^. pref erajply including ; 

■ ■ ^Bniyl?; ;phe^ 

treating conditions related to, or affected by inhibition 
of protein /kinase C, pajrticularly cancer tximors , 
inflaimatory disease, reper fusion injury, and Cardiac 
15 dysfunctions related to reperifusion injury. Accordingly, 
another aspect of, the invention provides methods and 
pharaaceutip^ inhibiting prbtein kinase C 

;^ ^ ^^^^^^ kinase C with an 

i : iiihi^itpry aftptint of a substituted antdiraqiiihone compound ' . 
: °^ iljy^tion, , phannapeutipa^^^^^^^ the 
5 : iny^^ion comprise a s^st 

invention aind a • pharmapieutipal^^ of:' 
;- '-'--^'';;dilUent.-.'; 

The inyentipn also provides metiiodsf of inhibiting 

: . 

a neutrpphil with a protein kinase c inhibitory 
concentraitidri 0- a substituted anthraquinone compound of 
ihyention, or c^toctihg the ne^ 
* ppinppi^d Pf the iiwehtipn effeptive tb inhibit such 
30 oxidative outburst. 

The , inventipn fiirtlier provides methods for 

inflammatioh^^w^ 
. mammal siiffe^^^ qI, 

iniiilji^ory a ki^$itit\ited antteaquin^^ 

35 pomppund of the invention, or admihistering to the mammal 
an amount of a comppimd of . to^ inventipn feffeptive to 

;,iJihibit.4nflsuDamat^ . . 



The inverition additiohally provides methods for 
inhibiting growth of niajnmalian tumor cells wh comprises 
contacting a masanalian ttunor cell with a protein kinase ^ C 
inhibitory concentration of a substituted arithraguihohe 
compound of the invention, or cphtacibing to cell 
with ah amount of a ipompoiind of the inyentiph effe 
inhibit growth of the timor ceil. 

An additional embodiment 6^ 
prpyides methods for ; treating ma™ tumors which 

comprise adiministering to a mammal having a tumor a protein 
kinase C inhibitory concentration of a substituted 
ahthraguinpne compound of the invention, or administering 
to the maraiaai having a t\mpr an m a compound of : the 

invention effective to inhibit gi;p>rt:h of 

Another embodiment of the invention provides 
methods of. inhibiting miammalian ker^itinocyt^^^ p^^ 
which comprises administering to a inammaiiari keratinocyt a 
protein kinase C inhibitory ampunt of a comppund of the 
invention, or administering to the keratinocyte an amount 
of a compound of the invention effective to inhibit 
proliferktiph of ke^ratinocyte. 

pf the invention 
provides thei use of a substituted anthraguiiione comppund of 
the inverition in the preparation pf a medicament for 
inhibiting protein: kinase C The compound of the inyentipn 
is preferably present in the medicament in a 
therapeutically effective amount. 

Surprisingly, the compounds of the invention are 
not cross-resistant to adriamycin (Doxorubicin HCl^ Adria 
Laboratories, Dublin, Ohio, ah aritibiptic-derived 
Chemother iapy agent) or Mitoxantrone (Novantrone®, Lederle 
Laboratories, Pearl River, New Yprk, a synthetic anthracene 
dipne chemp therapy agent) , aiid remain effective in reducing 
growth pf tumor cells resistant to these well-known 
chemotherapy agents; The lack of cross-resistance with 
adriamycin or Hitoxaritrdne indicates that the compounds of 
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the invention will be particularly useful for treatment of 

.: .. adriamycin or Mitoxantrqne resistant tvnn 

Cancer is a disease characterized in part by 
uncoritrolledi cell growth. Protein kinase C is directly 
5 involved in cellular growth control and is believed to be . 
..f"y°.'?:^®^^^^ Protein kinase C is the 

inajor, If^^^^^^^^ exclusiye, intracellular receptor of phorbol 

very potent tumor promoters . Phorbol 
esters, eria.f pt^ tmpr . promoters bind to and; actiyate 

io prpteiii^kiitia^^^^ 6. Sihce diacyiglycerpl (PA&) 'a^^ 

esters; interact at the sane site/i liiiG's have been suggested 
to be the ."endogenous phorbol esters" by analogy with the 
opiate receptor where the conservation Of a high affinity 
receptor implied the existence of ah ei^dogenous analogue.. 

15 DAG has been shown to increase the affinity Of protein 
kinase C for Ca*^ and phospholipid and thus activates 
protein kiniBLse^ C at cellular levels of these essential 
cofactorsv: signals including hormones, 

. f snirowthviec^brs, and neurotransmitters are knbwn to 

20 stimulate phosptietidyli^^^^ tiUTiPyer re in the 

generatflbn of ip^ Strubtuic'es of : 40^ d^^^ 

i^^^^^ «sellular origih/ have revealed that ' 

oncogenes ertcp^^^ of normal cellular proteins. 

Several of the gene products appear related tp .growth ■ 

25 factors or other eiements^i^^ 

signalling. These oncogene products appear to fiuic^ion by 
altering the level of critical second messengers. Cells 
transformed with the oncogenes ras . sis. erbB . abl, and src 
: have been shown to contain elevated levels of DAG which is 

^ ° = J^^^ to activate protein kinase C. Indeed studies 

on ras transf Prmed ceils have shown protein kinase c 
activatipn t^^ 

V;:}^ mi^istate acetate 

(Pitt) ,. have Ponqpliex e^ incltiding effects on ^ 

35 membrane funptioh,^ mitpgenesis, differentiation, and gene : : 
expression. Synthetic diacylglycerois mimic many .of tiie 
effects of PMA in 2dfit2 and inhibitors of prptein kinase C 
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have been shown to block PMA-iriduced effects on cells, 
;-\.;':}y;':Ttm&^ protein kinase C may mediate the actions , of certain 
oncogenes, such as ras, which cause intracellular increaseis 
in DAG and concpinitant increases in protein kinase C. In z 
:V5 addition/ protein kinase C leads to the 

expression of c-myc . c-fos, c-cis, c-f ms . nuclear . 
i; protooncogenes important in cell transformation. 

Oy^rexpression of protein kinase C in NIH 3T3 cells causes 
ciltered growth Regulation and enhanced tumprigenicity and 
10 in rat fibrobiasts leads to anchorage- independent growth in 
/ soft agar. In these experiments, ov^rexpressiori of protein 
kinase C in these cells resulted in tumor formation in 
animals receiving: tr cells. 

Several studies have shown increased expression 
15 of prbtein kinase C in certain tumor types such asf breast 
and l\ing carciiiomas. Activated prptein kinase C has also 
been detected in human colon carcinomas although increased 
expression on the gene leyel was not seen. Topbisomerases 
are directly modulated by protein kinase C as substrates 
20 for the enzyme and protein kinase C inhibitors have been 
shoim to potentiate the action of chemotherapy drugs such 
•. as cis-platinum. . 

New and more potent compounds which have been 
: identified specif iM inhibitors of protein kinase C 

25 are showing early promise as therapeutic agrents in 
inhibiting tumor growth in animal models. - 

Animal studies have shown that perhaps 50% or 
more of ischemic-related myocardial be 
attributed to polymorphonuclear leukocytes (neutrophils) 
30= which accumulate at the site of occlusion. Damage from the 
. accumulated neutrophils may be due to the release of 

proteolytic enzymes from the activated neutrophils or the 
release of reactive ; oxygen interiaediates (ROI ) . Much of 
the ^ no ref low" phenomenon associated with myocardial 
35 ischemia lis attributed to myocardial capillary plugging * 
The plugging of dapillaries has been attributed to Both 
:: aggregated platelets and aggregated neutrophils ^ Although 
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both cell types are aggregated during tAe ischemic event, 
the relative contribution of each to capillary plugging has 
not yet been established. It is well accepted that the 
damaige by neutrophils to myocardial tissue proceeds through 
5 a cascade of events, pne of the earlieist being the bonding 
^^^^:!^^I*-f-i? to damaged ya 
However, the binding p^^ rieutrpphil^ is sicrnif icantiy 
enhanced by tlieiir activation and: this ariVj^^ 
; i^ tJie generatlpn of m^ (such as J cytokines, and ■ 

16 ch^motaictic factors) v?hic^ can -fi^ 

stimuli. These molecules probably originate from damaged, 
and aggregatied platelets, from damaged yascular 
endpthelixim, or from the oxidatioh p£ plasma protei?is or 
lipidjs by endothelial-derived pxidaiits. 
^5 Strategies for overcoming the deleterious effects 

of reactive oxygen intermediates have centered in the 
development of scavengers for the molecules, Superpxid^ 
dismutase (SOp) has been shown to be a particularly 
: effective scaiyenger of superoxide , but suffers from a very 
20 -shoirt half-lif^^ the bipodL. Several coinpanies have 
tackled this pirobl^Bm by creating versions of this enzyiae 
with increased half -lives by techniques siich as iipo^ome 
ehcapsxilat^ibn or polyethylene gi^ con jugatidnr^ R^^ 
on the effectiveness of these new versibn are mixed^ 
^^''^^l^^^/ ^ scayen^ of hydrogen peroxide, and hydroxyl 
; : radical scavengers hkve also been tested and found to be 
e^ffective to varying degrees. However; n6n4 6f the 
strategies designed to scavenge reactive oxygen 
ihtei^ediates;\^ prevent the aggregation of platelets , 
th^ felea^i^ of . chemptactic molecules , the activation and 
adherence of neutrophils: t^^ vascular endothelium^ or the 
release of proteojLytic enzymes from activated neutrophils. 

!^ C inhibitors as 

■ : f injury is thai: they have been 

35 demonstrated to 1) block platelet aggregation and release of 
neutrophil activating agehts such as PAF, 2) clock 
neutrbphil activ^^tioh chemotactic miration, and adherence 
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to activated or damaged endotheliim, and 3) block 
neutrophil release of proteolytic enzymes; and reactive 
oxygen intermed^ Thus these agents have the i 

capability of blpcking all three of the most significant 
5 mechanisms of pathogenesis associated with reperfusion 
injury and should thus hiave a decided thera^ 
advantage. 

The comppunds of the invention may be made 
according to the methods in Scheme I, II and III, as shown 
10 in Figvires 1/ 2 and 3 , respeptively. Other synthetic 

routes known in tiie art may also be used. As used herein, 
the anthraguinpne ring structure has the conventidhal ring 
niunbering as illustrated in the Merck Ihdex^ Tenth Edition , 
Merck & Co. , Inc. Railway, New Jersey, 1983, pp. 100-101. 
1$ mien A is halo or comprises an oxirane iring witii 

•the adjacent oxygen atom/ the compounds of the invention 
:m^ be prepared according to the method in Scheme I shown 
: in Figure 1. in Scheme I, reaction of dJ,aminoanthracj[uinone^^ 
i with epihalohydrih produces bis-(3-halo-2- 
20 hydroxypropylaminoytanthr 2. whicii upon treatment 

; with amine, such as diethyiamine> at tempera^ room 
■temperature to; 

solvent, yields the product la . The epoxide analog ^ was 
obtained by treating 1^ with base such as sodium hydroxide . 
25 An alternative procedure, shown in Scheme 11 in Figure 2^ 
is the conversion of the bi^-halohydrin intex^ 
.basic treatment to .bisrepoxide 3. f ollowed by reaction of 1 
with amine to yiisld lb. Examples of "cbmTO may be 

prepared accordintr to Schemes I and 11; are listed in Tablee 
;30_ 1 and 2. 

When A is a functional group other than halo or 
: comprising an oxirane ring with the adjacent oxygen, the 
( i: cbmp the invention listed in Table 1 may be: 

prepared according to Scheme ill as shown in Figure 3. tot 
35 example, as shown in Figiire 3,. compound £a from Scheme I is 
converted from t^e halo compo the hydroxy compound 

Ic . Th^ hydroxy compound is then used f or the eynttiesis of 
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compomids having^ foraula of 1 wherein A is alkoxy, OCO 

(NR3 R^) or SC (NHj = NRg using the method disclosed in 

: Kocovsky St al. {1986) Tetrahedron Letters 27: 552a;, the 

disclosures of which are h^eby incoirpprated by reference 

f^i3-y set fojrtji hereihv other methods kntjym in the 

... ^^f^. ^^^y-^^f.^^K^^ synthesis of 

■ inririntioni. .-V"^^:'^ V \. . ' . '/v; - 

V; Thfe optically active enai^ti the compounds 

.^^ ■■ ^i? P^®?^^?'^; jacc^^ 1 . and 

=10. ■ •2,^^yu^ing>;c^ti^ artlvie; stMu^ijtf^4eEt^ tJie • 

C9niaercial?.y available! flycidol or.^ epi^^^^ 

Phariaaceutically acceptabiii : salts of the 
compounds of the invention are also Useful in the methods , 
of th^ invent jlbh, Pharmaceutically acceptable salts useful 
is in the inventiph include salts of hydrochloric acid, 
^ by<arobromic acid, fumaric acid, oxalic acid, malic acid, 
' succinic acid, pa?noic acid, sulfuric acid ahd phosphoric 
. .!acid. ■ 
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(Abbreviations used in Tables 1 and 2: Me - methyl; Et - 
ethyl; Pr- propyl; Ph - phenyl; Bu - butyl; Hyg - 
• . hygroscopic) :. 
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The compounds of the invention may be 
administered by any method that produces contact of the 

15 active ingredient with the agent's site of action in the 
body of a mammal including but limited to oral, 
intravenous, and in trapar enteral. The compounds of the . 
invention may be administered singly, or in combina;tion 

• with other -^^^ of the invention, other pharmaceutical 

20 com|)ouhds, ^^uch as; compounds, or other 

; , such as : radiatibn treatment The cpmppunds are : 

:;p^^ administefred with a pharmaceutically acceptable 

catrier selected on the basis of the selected route of 
administration and standard phaxmaceuticai practice 

25 Thet : compounds of the inventipri are administered 

to mammals, preferably humans, in l^erapeutically Effective 
amounts or concehtr at ions which are isf fective to inhibit 

: protein kinase C, or to inhibit tumor cell growth, inhibit . 
inflainmatiph of tissu^ inhibit keratinbcyte proliferation, 

30 ^ inhibit bxidatiye burst from neutrophils or inhibit 
platelet aggregation. The^^^ d^^^ administered : in any 
particular instance will depend upon factors such as the 
phainiiacodynamic' char^ of the particular: compound 

of the invention, and its mode and route of administration; 

35 age, health, and weight of the recipient; hat\:ure and extent 
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of symptoms; kind of cpnctirrent treatment, frequency of: " 
treatment/ and the effect desired. It is contemplated that, 
the daily dosage of the compounds will be in the rknge of 
from about 5 to about 400 mg per kg of body weight, 
5 preferably . from abput lO to about 200 mg per kg body 

^'^^^/i^' about 50 mg 

per k^r: per day, arid p^ef etably kd^^ divided 
doses 2 to 4 times a day or in sustained release form. 
The q(^pounds ojf the invelntipn may be . 
iO . admihistered las medicMents braily^ ^i^^^^^^^^^ fbrasV 
such as capsules, tablets, and pbWders, pr in liquid d^psage 
forms, such as elixirs, syrups, and suspensions. They may 
also be administered parenteirally in sterile liquid dosage 
forms. 

15 . The compounds of the invention may be formulated 

f pr use as medicaments into dosage forms according to 
standard practices in th^ field of pharmaceutical 
preparations. See .Remington's Pharmaceutical Sciences, A. 
Osol, Mack Pubiishihg Crampany, Easton, Pennsylvania; a 

20. standard reference text; in this field. 

For example, the compounds of the invention may 
be mixed with powdered carriers , siiich a^ lactpse,. sucrose, 
; marihitol, starch, cellulPse derivatives^ magnesium 
stearate, and stearic acid for insertion into gelatin 

25 capsules, or for f oriing into tablets. Both tablets arid 
capsules ;;Dnay be manufactured as sustained release products 
for continuous release of medication over a period of 
hours. Compressed tablets can be sugar coated or film 
coated to mask any unpleasant taste and protect the tablet 

ao from the atmosphere or enteric coated for selective 
disintegration in the ; gastrointestinal tract. 

Liquid dpsage fojnas for prai administration may 
''o^^^ih pplpring arid^ f laybring to increase patient : 
acceptance, in additipn to a pharmabeutically acceptcible 

55 diluent such as water, buffer or saline solution. '. 

For pareriteral administration, the compounds^ pf 
the inventipn may be mixed with a suitable carrier or 
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diiiieht such as water, a oil, saline solution, aqueous 
dextrose (glucose) , and related sugar solutions, and 
glycols such as propylene glycol or polyethylene glycols- 
Solutions for parenteral administration contain preferably 
5 a water . soluble salt, of the compound of the invent lori. 

stabilizing agents, ahtipxidizing agents; and preservatives 
may also be added. Suitable antipxidizlng agents include 
spdiimi bisulfite, sodium sulfite, and ascorbic acid, citrld 
acid and its salts, and sodium EDTJl. : Suitable ' 

10 preservatives include behzalkonivun chloride, methyl- or 

\ propyl-paraben, and bhlorbutanol. 

examples 

" specific examples which are 

illustrative of the present invention and are not intended 
15 to. . limit the . scbpe of the Invention . 

Example 1 l,4-Bis-(3-Chloro-2-Hydromropvlamino) -9 10- 
Antnracehedibhe 

Epichlorohydrin (84.5 mL, 1.08 mpl) yas added to 
a solution pf 1/4 diaminoanthraguinbn^^^ 

20 Company, Milwa\ikee, Wlscpns^^ (lOg, 4^ pnol) in glacial 
acetic abld (?00 mL) alt room temperature. The 
stirred fb?: 30 minu1:es at 90^G and tjie i solvent was reinoved 
under reduced pressure. The residue was pxurlfled by f lash 
column chrbmatography (silica gel, C3i2Cl2;HeOH/25:i) and 

25 :: recrysta^llized from CHjClj-Ether-Hexanes to give a pure blue 
solid of the title; compound (12.46 g, 70%), mp 167-169® C: 
^H NMR (00013) 6 3^21 (br^^ 3.5-3.6 (ia, 6H/^ 

CHCHj) 3^T5 (d, J=3Hz>^^^^ CHjl^ 4^19 (broad, 2H, NH) , 7.03 
(d, J=3i2: 1^^^^^ ArH (2:, 3) ) , 7.69 (m, 2HV ArH (6, 7) ) , 

36 8.27 (my 2Hr Arif 8)) . Anal. Calbd for CjQ^^^ 

>25 HjO: 9^ 4/83; N, e^i^:^:, toim H> ; 

4.76; N,"'6'.29.." 
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Exkmble 2 1-^ r a -Di^1:hYlamin6->2 -Hydroxypiropylainino > ^^4^- ( - 
Ch^oro-2-Hvdroxvpropvlamino> - 9 , 10 Anthracenedione :^ 
fCoinpouBd la-i in Table 1) ' " ' 

Diethylamihe (3 . 15 nL, :;60 . 86 mhol) was added 
5 dropwise over 1.5 hbTJit;s to a solution of l.,A-his-^ (3-^^.01:0- 
2-^hy4rpx:^ropylaminQ)^ 10 ariOirac:enedipne^^^^^(^^^ 
xnmoi) the compound 6f Bcampie 1, 
and II. in ethanbl (?dO inL) undeir hit^ 
The solutipn was st^ for 48 hoidrs at ref^^^^ aiid th^ 
10 solvent was re^ residue 
was piirified : by flash cbluiiin chrpmatp^aphy (Silica gel, 
CH2Cl2:MeOH / 25:1) and recrysta^llized from Cti^C^^^ 
hexanes to giy^^ blue solid of the title compound l-(3-^ - 
diethyla^^ 

15 hydroxypropyiamino) -9, 10 anthracenedione which is compound 
lazl in Table^ I (8.1 g, 60%)v mp 165« C: NMR (GPCI3) 5 • 
1-10 {t> J==7Hz/ 6h/ CH3r^2^^^^^ 4H, CH2) , 2.74 (m, 2H, 

3-44 (m, 2H, <:H2) , 3 .56 (m, IH, CH) , 3 .63 (m, 1H> CH) 
3.73 (m, 2H> Oij) /^^ 4 NH)/ 4.19 (broad, IH, 

ira) , 7.22 (s, 2H, ATH (2 , 3 ) ) , 7 . 68 (t^/ 2H,^^ A^^ 7) ) / 

• 8.3 (mv 2k; >XH (5,8) ) . Anal. Calcd for C24H3oO^N3Cl *1.25 
?2^* ^^""^i' i^v6S; N, 8^T1. Found: C, 59 . 5Q; H, 6.27; ! 

'\\- \ k, • .a .so.' •; . ' . ::y 

ExamiDle 3 'f3-I)iethYl amin6-2-^Hi^ -4- (2^ 

25 Chlorb-^2"HVdfeoxv propvla^ -^9. id-Anthraeeh 
Hydrochloride S alt (Compound la-1 in Table i) 

Concentrated HCl (8 drops) Was slowly; added to a / 
solution of ir^(3-diethylamiho-2r^hy . 
chlpro-2-hydroxypr6pyla^^ lO-anthracenedibn^ (0.531 

30 g, 2.36 mmol) in acetbne-dichioromethane (50%, 15 inL) ; A 
color change from purple to red was observed w The solid 
was obtained by filteatiph, mp 106-108* C, Extremely 
; hygrpscppic. ^^H NMR (b^O) 6 1.40 (t / J=7 . 3 Hz , 6^, ) , ' 

4H, CHj) , 3 .29 (m, 4H, CHj) , 3 .38 (m, 3H, CH^, CH) , 
35;r 3,73 (m, 3H, CHj, CH), 3.92 (broad, IH, NH) , 4 . 15 (broad, . ; 
IH,.^), 6.23 (s, 2H, ArH (2 , 3» , 7.26 (m, 2H, ArH (6, 
7))> 7.32 (m> 2H, ArH (5, 8)). Anal. Calcd f or 
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G24H3oClN30^2HCl 1.5 HjO? C, 5i:48; H, 6.30; N, 7.50. 
Found: C, 51,70; 6,35; l.Al^ 

, " Aqtm^acened j^pne 

5 Sodium hydroxide (3,5 d[) . wk^^^^^ 

• of 1^4-^bis-(3-ciilor^ 

anthracenedion^ (8.3 g , 1? . 8 mmoles; ) , the compound pf 
Example i/ in MeOH (500: xoL) at 60** C. . T^^ blue 
solution Wias s at room temperature for 4 hours, and : 

10 the solvent was removed under reduced pressure. The 
. residual solid - was then purified by flash cbltimii 
chromatography (silica ^g^ CHjClj: MeOH / 25:1), 
Recrystallizatibn from CH2Cl2r^h^ 

compound 1 /4-^bis-:( 2 ^ 3 -epdxypropy lamino) -^9 , Id- v . 

15 anthracenedione which is compound 2 in Scheme 2 (6.2g, 

89 .37%) , mp i89-190<^ G: ^^H NMR (CDCl^) « 2.74 (m^ IH, CE^) , 
2.87 (m, IH, CHj)/ 3.26 (m, 1H> CH) , 3.57 (m, IH CH^) , 3.78 
;(m,: IH, Cajj)^ 7-32 (s^ 2H: Ar (2 ,3 )), 7.71 (dd, ir«?:3.2 Hz, 
5.5 Hz, 2H, Ar (6, 7))> 8.34 (dd> J=3.2 iizv 5.$ Hz, 2H, Ar 

20 : (5/ 8).l, 10.76 (s, 2H> NH) . Anal. Qalcd fp^ 

HjbrC, 67.66; H, s;25i:N, :7.93 V B^und:" C^i : 67 .72 ; ^ H 
IT, 7.54^^ 

Example 5 l*- (3-Diethvlamino-2"Hvdroiiqrpr^ 

3-EpoxYp yQpY^ ^9 B lO^'^Anthracenedione (Compound Ib-^l of 
25 Table ir 

Potassium hydroxide (0 .3 g, 5.36 mmole) was added . 
to a solution of l-(3-diethylamino^2-hydroxypropyiam^^ 
47(3'^chlpror2-hydroxyprbpylami iO-anthracenedione 
hydrochloride salt (Ig^ 1.78 mmole), toe compound of :. 
30 Example 3, in methanol. The mixtixre was stirred at room 
temperatut-e for 4$ hours. Sblvenib was removed under 
: i^educed pressxir^^ and the residue was purified by flash 
cpltuttn chromatography : (silica gel, chloroform with a 
: methanol gradient up to a ratio of 10:1) to give the title 
35 product l-p( 3 -diethylamino-2-hydr6xyprbpy lamino) -4- (2 , 3- 
epoicypr6pylamino)-9,10-anthracenedione which is compound 
Ib-l of Table; i (391 m^v 52%) , inp 98« C: IfMR (CDCl^) / ,1.06 
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(t, J=7il Hz, 6H, CH3), 2.62 (m, 7H, CHj) , 2.87 (m, IH, 
CHj) , 3.27 (m, IH, CH2)/3.49 (m, 2H, CH2)> .3.59 (m/ IH 
CHj) , 3 .77 (m, IH, CT) , 3 . 96 (m, IH, CH) , 7.35 (s, 2H, Ar 
(2/ 3^ 7.71 Im, 2H,: (6, 7) ) , 8.35 ;(jtt^ 2H, Ar (5, sj) , 
.5 10.80 (b, IH, NH), 10.92 (b, IH, NH) ; Aiial. ; Calcd for 

C24'^49V4-^^>^8a; H, 6,90;':;i^^^^ C, 67.86;> H, 

6.967.;;N^ 9.85. 

Example 6 l-^f 3- Diethvl<-2-HvdroxvDropvlaiiiino> -4- . a- 
DlhYdroxvprepvla ninoV-g. iO-Anthraeenedlone Hvdroehloiride 

IP Salt fH Cl salt, of compound ic-l of Table xS 

Para^toluenesuifp^^ acid (272 mg, 1.43 mmple) 
was added to a solution off l-^(3'-di^thylainino-2- 
hydr9xyprppYlamin6)-4^; ip 
anthracenedione (^0 iagfr 0' 28 lOQoie) T the cpmpound of 

15 Example 5 , in nethanol-rwater (1:1, 20 mL) * ihe niscture was 
stirred for 16 hours at roOT temperature. The Solvent was 
removed under reduced pressure and the Residue was txeated 
with chloroform-water Itae organic layer was dried oyer 
maghesiim sulfate and; a 

?^ P by coiuim chromatography geli; 

CH2^^2: y^ti'i gradient to give the 

product : as a free basis. : Hydrbdtloride gas was passed 
thrpuglx. a methaiip^^^^ 

color c|i^nga was noted. The title cpmppii^d lr^( 3 -diethyl- : 
^5 2-hydrojch)ropyla^ 10 
L :^thrac6nediQne hydr;<>chlpride salt" was th^ isPiated by . 
f iitratipn ajid was f pund tp be extremely hygrpscppic. MMR 
(CPCI3) * 1-06 (t, J=7^1 Hz, 6H, GHj), 2.72-2.55 (m, 6H, 
CH2), 3.19 (m, 4H, OTj), 3.31 (b, 3H, pkv 3.81 (m, 2H, CH),; 
30 3.87 (b, 1^, OH), 3.92 (m, 2^; CTjl/^^^*^^^^^ OH), 6^65 

(ffi, 2HV Ar (2, 3)), 7.52 (m, 2H, : (6^ 7) ) , 8,08 (m, 2H, (5, 
8)) ^ ip.73 (la, 2H> NH) ; 

Example 7 Protein Kinase c Inhibitien 

The protein kinase c (PkC) assay is designed to 
35 du^icated: tte Zivo conditions reijuired for protein 
kinase c function . Theref pre , pH, salt and cpf actcr 
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concentrations ar^e: similar to physiologic levels • Histone 
HI (lysine rich) is used in the assay as the 
; aqceptor protein because it is readily 

.. available and serves as a good suipstrate for protein kinase 
5 C. The enzyme" is prepared from rat brain and is purified 
^:::''r'to apparent 'homogeneity a s on 
silver stained spSr-polyacrylamide . Studies on the 
ine6hanism of r^ of protein kinase C by 

phospholipids, DAG and Ca"*^?^^ 
10 physical properties of the lipid cof actors. In the 

screening assay, phosphatidylserine (PS) and DAG are co- 
sonicatedjl to form unilamellar and multilamellar vesicles. 
The- cpncentratidn of lipids iii the assay are suboptimal to 
maximize the detection pote 
15 inhibitors. Potential inhibitor comppurids are added to the 
; assay^ in dimethylsulf pxide at three concentrations to give 
final inhibitor concentrations of 4,3, 43 and 218 pk, 
respectively. The assay is started with the addition of 
enzyme and stopped after 10 min by the addition of 25% 
20 trichloroacetic acid (TCA) and 1.0 mg/ ml bovine serum 

albximin (BSA) . The radioactive histone prpduct is retained 
: and Washed on glass fiber filters that allow the unreacted 
pass through. 5?he amount of phosj)hprylatipn is 
, ::d^ by the radipactiyity measured in a scintillation 

?5 :: counted Cohteols ate: included in every assay tp measixre 
backgroiind activity in the absence pf enzyme, activity in 
the absence of lipids and the maximxm enzyme activity with 
Saturating : levels of. the activator lipids. Assay 
componente^^ are given in Table 3. 

3.0-. 

Assay Component 
: Hepes pH 7i5 
MgClj : 
cacij 
35 EGTA 

Histone Hi ; 
Phosphat idy Isef ihe 
Diacylglycerol 



Table 3 

Cdhcentrat ion 

2 0 . mM 
20 mM 
iOO MM 
95 MM 
200 Mg/Sil 

, . 40 M9/^i 
. : i;8 Mg/nil 
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Proteiri Kinase C 0.6 M^/nil 

Results of the protein kinase c assay are shown 
in 5Pable 4 in the coluiim labeled prbte in kiM c. kesiilts 
5 are shpvm IC^q, \riiii^^ i^^ test ; , 

compound needed to iriliibit 50% of the protein kinase . 
acrtiyity as cpmpared with levels • of protein kijiase C • V 
activity in contrbls . • W shown in: but one of 

the compounds t^ cent of 

10 protein kinase c activity at concentrations less than 200 
MM. Compound Ib-l (base) had the lowest IC^^ of lip jxk, 
whereas compound iazi jCHCl salt) had to^ ICg^ of the 

•■ i:est;Vcpmp6ii^ at -;230.'.'/iM. ■"'■.'■■""-:''•[.■' ':'.: 



15 



20 
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is^^3(HCl) i 
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nve. 


iG-^i(HCl) 
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h.e. 


Ib-lCba^e) • 


■ . -110 ' 
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(In q?abie 4, 
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Example 8 ga hp Dependent Protein Kinase (PKAi naaay 
25 Compounds found to be inhibitprs of protein 

Hinase q yere also tested f or inliibitoxy actiyi^ a:gaihst: 
pAMP dependjant protein kinase (PKA) ^^^^^^^^;T^ like ^ 

proteih kinase C, plays dn iinpbrtant role in ceil-?-celi 
: is activated by a second messeng^, cAMP. 

30 Secondary screening against: PICA is. useful for ascertaining 
; lAe s^^^ of the invention. The 
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Standard asisay conditions are givien in liratie 5. The 
catalytic subunit of PKA (Sigma Cheiaical Cpnpany, St. 
Louis, Missotirij is inixed with buffer before addition of 
th^ inhibitpr in dimethylsulf oxide (DMSb) . The assaiy is 
5 started by the addition of ^^P-^ATP and the reaction is; 

. allowed to pirpceed for io min before stopping with 25% 
trichlproacetic acid (TCA) cuid 1. 0 mg/ml bovine seruia 
albumin (BSA) . The phosphorylate^ protein is isolated by 
filtration and IJie^^^^^^ in a beta: 

10 scintillation cb^ 

; Table 5 

Assay Com ponents Concentration 
Hepes PH7.5 20 irtM 

Histbrie 200 (ig/'ml 

ISV - Dithioliireitol 32 /xg/ml 

Protein Kinase 2.6 ^g/xal 

7-^^-ATP .:: 20 MM 



Results of the PKA assay are shown in Table 4 (in 
Example 7) in the column labeled PKA. As shown in Table 4, 
20 the compounds of the invention that wer^ tested liad no 

on PKA. The tested compounds of the invention are 
?: select^ for protein kinase c, and have no effect on cA]MP 
(iependent protein The compounds of the invention; 

should thus have no effect on the metabolic pathways 
25 asspciated with stimul<atipn of protein kinase by cAMP^ 

. fegampl^ 9.^^^^^ Iiihibltion 

MCF-7 a human breast tumor: cell line, and MCFt 
7/ADR an adriamycin resistant line of MCF-7 cells; were 
obtained from the National Cancer Institute, Frederick, 
30 Marlyand. NHEK a human keratinocyte cell line was obtained 
-from Clonetic Corp. , San Diego, Califbrnia. 8226 a human 
" ' ' myeloma cell line, 8226/MT a Mitoxantrpne resistant line of 
8226 cells, and 8226 ADR an adrianiycin resistant line of 
822(5 cells were obtained from Arizona 
35 Cancer Center, 1^ 
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Human tumor cells are trypsinized (0^05% trypsin, 
:: GIBCQ) , counted with a hemacytometer and seeded at a 

concentration of ,10 , 000 cells/well in a 96 well microtiter 
plate; After allpving cells to attach tP the surface 
. ^ : ?y^^^9^*^» th^ is aspirated and replaced 

i^Si; ^9^ f .-"^ fresh joedivm. TMt agents are diluted to - 

^; : dose response at fih^i cphcfentration artd added 

in quadrupiicate: at 100 Mi/w6ll to bring the total vblume 
tp 2cib Ml. *he micfbtiter plat^^^ 
lOi Mncubatfed at!: 37"C 5% cd£ overnig^ (18^24 hr^) before ^ 
thymidine is added at a c<sn^^ in 50 

Ml culture mediuiiu j Oiie piate is incubated again for 4 hrs 
under the saa^e cpnditions as above. Supjsrnatant is then 
■aspirated; and 50m1 trypsin (6 . 05%, GIBCO) is added to each 
15 Well. Cells are checked microscopically to determine 
detachment from surfaces , and plates are then harvested 
a; cell harvester (PHD, Cambridge Technology, inc. ) 
Fnt^ papers c»rre^^ wells are placed in 

scintillation ^ria^ to determine the amount of 

incorporated : by^-'the'' C(b11s.- •'.•Test?. agent " '•• 
• response is compar^d^ to a ptositive control of- cell:: irelis ' 
: ^ only to d(Btermine^ the I^^ icsp is the 

; :cphcentration oij ;t^st cpiqbpund required to inhibit f iity 
per^pent of the in^p 
25 proli^^ra|iiig ceii^ not:MBxposed:to rtbst ^ agents Uptake: of 
. H-thymidihe :is a staridaird test for meaitiring^^^^ • 
; metabolism of c^lis. Cells which are actively ^ . 

proliferating take up fH^thymidine, whereas cells that are 
not proliferating take up ^H-thymidin^ at much sliiwer rates 
3p:: or not at all. Test agents that inhibit the uptake of 
;j thymidine thus slow the growth of cells i 

Results of these ejcperiments ; are shown in Tables 
■ Z.'.^-ff^,-]'' :^9^^ coi^bunds ia^l and lb- 

i weirJ abieVtb inhibit fifty joer cent of ^H-thymidine 
35 uptake: at.: ppn than i im iic^o, 25 iM- and. 

. ' -The IC,^ pf compound ib-i 

especially cpmpares: well with the IC^jj pf adriamycin. 
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When compounds of the invention were tested with 
adriaodycin r!Bsistant^ line MCF-7/ADI?, the ICg^ pf the 

tfest cpiapounds incs^eitseci to- am to 16 tM, 

resulting in a resistance ratio of IC^p for MCF-7 /ADR cells 
5 to- ICgQ for MCF-7 : ceils ipf f rp^ 1.9 tp 2 ; 4 . In contrast ^ 
''''^-"t]i(kr iC^^' for MCF^7/3U?R cells Cultured wilii adriamycin : was 4 
/iH; with a ratio of 200. The ICg^ for MCFi-7/ADR cells 
cuitiired with Mitpxan^ 4 /iM, but the ratio of 

IC^ for McjF^7/ApR ceils to ICgQ for MCF--7 cells was 800 ^ 
10 Similar resiiits were obtained wh^n the compounds 

were tested with ceir lines 8226 > 8226/MT (Mitoxantrone 
; resistant) and 8 22 6 /ADR (adriamycin resistant). Compounds 
la^i and Ib^l were able to inhibit ^H-thymidine uptake at 
very low concentrations. The ICgQ for compound lari was 1 
15 /iM. The ICgQ for compound lb-1 was 0,06 /xM. The IC^q for 
the other compQimds tested were 10.2 and 15 /xM. When 
compounds la- 1 and lb-1 were tested with cell line 8226/lOT 
the IC^Q^^^^^^^ 0.008, respectively > Wit 

XC^Q 5p6/icr::cells:pf 0.2 : 

20 0 . 13 riBspi^c*ive ISiese^ results cicM^kr^ wi^h 
the results obtained from pells, diiitured with adriamycin or 
; Mitoxantf on^. The ratio of IC^q f or :8226/MT c(^lls to ICgQ 
; for 8226 cells for cells cultured With adriamycin was 1 mM. 
; T^^ of ICgo'^or 822:6/MT cells to JC^q fpr 8226 cells. 

25 ; for ceils c^^ 

Compounds testj^d with adriaimyciri resistant 8226 
ceils also showed a similar results. The test compound s . 
were not crbss-reisistant with adr as shoWn by the 

ratio of ICjQ for 8226/ADR cells to IC^q for 8226 cells 
3d ranging from 0^08 MM to 1.4 /zM f or test compounds compared 
. With resistance ratios of 11.4 /iM and 6 /xM for adriamycin 
and mitoxantrone- Respectively. 

: These resjlits show that the compounds of the 
invention are effective in inhibiting the proliferation of 
3i5 tumor cells and are: ribt cross-resistant with adriamycin or 
mitoxkhtrbne. ■ " / 
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Table 6 





Conrooxind . 




MCF-7. ■ 


MCF-7/ADR 


Reisistanice Ratio 




• la-1 




0.25;. 


• • 0.5 ... 






... .j_,g^^2 






±6- ■■ 






' " ■ la-3 -.• 




7.4 


14.1 






Ibr-l 




0.025 


0.06 






i;.- ADR 




0.02 




■• 2pp;i. ^ 




MT 




0,605 


4 •' 


800 


10 






:' 


■ • ' 

TABLE 7 






Cbmpouhd 


8226 


8226/MT 


Resistance- 
Ratio 


8226/ADR Resistance 
Ratio 




la-1 :■• 


1' ■ 


0.24 


. ; 0 .24 . 


•. . w • up u • uo . 






.'.3.0.2 ■; 






;^::;i4 il..-,^' :iir38=- ■■ ■ 


15 


:■ la-3 








;"-^i6:!ii-3-\, ivbs^x 




■ibi7ii|v:>'-v.;' 


0 .06 


0..PQ8 ^ 


o.iV ,..-v;' 


■-■■■P.6l6.:i-;.; . 0.26 




'•lci^i^.:;-;'-^v''' 








■'. ■25' '. ' •1.4.f ■ 




'.ADR ■ 


. 0.05 


. 0.05 




' 0.57 • ..11, 4 




MT 


6.03 


i" p.ios : ; 


' ^'.S ■•.■V.' 


0.18 . 6 



20. Example 10 Human iCeri^tinoevte Inhibiti^ 

Proiiferating keratinbcjiieis (NHEK cells purchased 
■ from qionetics, i^^^ California) in second 

; Inc.) Cells were trypsihized with 0.025%. 
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trypsin (Clonetics) ^ counted with a hemacytometer ; 

(Scientific Products), and seeded at a concentration of 

.2,500 cells/well in a 96 well microtiter plate. After 
sallowing cells to attach to the surface overnight ,:t^ 
5 ciiiture mediiim is aspirated and replaced with IQP /xl of 

fresh KGM. Test agents were evaluated^^^ . 

determined according to the ^H^thymidine incorporation 

prpcedxyres described ^ M 

The results of the^ are shown in 

10 Table 8^ These results indicate that compounds of the 

invention are active against human kefatinocytes, arid will 

be useful in treating topical inflammatory conditions such 

as psoriasis and other conditions where liyperproliferation 

of keratinocytes is a symptom^ 
15 . ■ . • ■ ■ fpablo 'S 

Compound lc^^(tM) 
la-1 6.16 
Ib-l 0.04 



Eicamble 11 Neutrobhtl guperoxid e Anion ( 0 1 Reieaae 

20 . ..Askav'^ ; '•; 

Neutrophils were isolated form whole blood 
collected from human volunteers. All reagent materials 
were obtained from Sigma Chemical Company with the , 
exception of isotonic saline (Travenpl Lab. , Inc. 
25 Deerfield, Illinois) and lymphocyte separation medium 
(Organon Teknika, Durham, North Carolina) . 
y ] . neutrophil Isolation ; 

Whole blood was drawn and mixed with sodium 
: heparin ; (final don^ clotting. Ari 

3b equal volume of dejctrari (3.0%) in isotonic saline was 

--a and kllowed to settle for 30 miri to bind red 

blood cells (RBC) . The supernatant was removed, 
underlayered with lymphocyte separation medium aiid 
centrifuged for 40 min at 400 xg in a centrifuge (Beckman 
35 GPR> Nbrdrdss, Geo^ 
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resuspended in 0.2% and 1.6% NaCl to lyse RBCs before 
wasfhing with Hank's Balanced Salt solution (HBSS) . The 
washed pellet was resuspended in 10 ml HBSS and placed on 
ice before counting on a hemacytomet^. 
5 Assay Proisediire 

Th<^ '^^^^^^^i'- ^P^^'^^'^^^^^i^^h is ad justed to : 

2Xli?5 c^lls/ml, witi befbret^ axi^ ml cells to^^i^^ 

75 £est tubes (Ptshi^r^^cier^^^ Test 

agents are^ diluted tb deteihriihe dose r^^ iidded at 

10 ■ iox f^ conciejitration at a voiiime bf 0.1 Hii/1:ube in ^ 
duplicate. Then lOX cohcentratibns: of cytochrome c (15 
mg/ml) with catalase (3000 units /ml) . either alone or * 
containing 25 ng/ml phorbol 12-myristat^ 13-acetat^ (^*MA) 
are added at a volume of 0.1 ml/t\abe and inciibatBd^^a^^ t 
15 for 30 min before stopping the readtibh by placing t\ibes on 
ice. Tubes are then centrif uged at 900 xg for 10 min, 0 . 5 
''itil supernatja is removed and added to 6.5 ml H«p in a 
itticrqcuvett^^^^^ (OD) of cytochrome c is read 

in i sjiecrtrpE^ : (Shimadzu) s^^^ ran. mie AOD of 

20 : vpytof^^rpme^^^ I^-^stimulated a hon- 

stimulated^t^ do$e responses \ of the test agents 

are cpmp positive controls (^ich contain HBSS 

in place of PMA stiiDUldites^^o^^ production ; I 

which reduces cytbchrm Reducing cytochrome d 

25 increases its absbrlDance/^ a the change in pp 'of 

cytochrome c is proportional to the Miount- of produced 
b^ of the Oj" burst by test 

compounds of the invention iis seen eis a reduction in the 
change in optical density. Inhibition is escpressed as tCgj, 
3d /il? and^i that wiil inhibit- 

fifty per c^nt o^ the P!tt^stimulate(i respiratb^ o\x^ 
i^-e. ■ P2%^'.prbd1ibtioh 

Ife to inhibit 6,^ 

. ; prpductioh by PMA--stimulated neutrophils. As sh^wn in 
35: table 9, cpmpound iarKlaase) had an IC^q greater thail 6.25 
^;.y,:}^'> . compounds la^(HCl) and l^ri had ICg^ of greater 

tial^n .12.5 MM em 25 MM, respectively. 
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.^•E3£E^: . ■ Huntanvkeutroph^ 

• S- . la-!^l (base) " \ •••>6> 2 5 

; -/'v.^-- . • ;.; . ••la-l (HGl)- ■ ••• I ^^jf^/; • ■/ .>12:. 5 , 



Example 12 - Tumor Assays • 

10 P3 8 8 Leukemia Tuiaors . Micei' vere young adult, : 

p^tlipgen^free, Bi)^ 

ii\irchasis^d j^^^ The timor lihe 

was tJie P3 88^-^^ leukemia ascites f prTB> pb1:aih4d from ■ = 
to^ Institute (NCI)" T^ Repository 

15 ; ;(F;:ederick^^^ tuiabr was maintained . in the. - serial 

passage in mice^^ intraperitoneal (ip) 

. ; ; ini^ experiment, . 10*. hemacytometer- 

9bimted P38$ murine lexikemia^^ cells were implanted ip into 
mice on Day p. The mice w^rie randomized into one untreated 
;20 control group of 20 :a^ groups of six mice each. 

; Ali driig treatment w^^ delivered ip on the basis of the 

a^^rage body w All drugs were 

: dissolved in sterile sal all drugs 

were soivi)le at all dbsages pr^ dosages , v and 

25 treatm^ usiii^ii W a ppsiti-s^ 

pay 1 f pr a tptai of three in jectipns at 1.2, 1 > 8 , and 2 .7, 
ag/kq/dbse ; Compound layj iniected dnce etyery four, day© 
(Q4DX3 ) beginning on Day 1 for a total of three injections: 

30 at 100, 150 and 225 mg/kg/dose; Compound la-l injected once 
^iaily for nine daiys^^X^ Day 1 at 67, 100, 

and 150 mg/kg/dbse; and Compound IbT-i cie liver ed on the same 
treatment schedules as Compound la-1/ but at dbsages of 
10.7, 16 and 24 m^ 5*3, aind 8 mg/kg/dose, 

i35 respectively . ^E^^ weights were recorded: on Days 1,5,9, 
ll, ^nd IjB. : Deatlis were recorded daily. Dying mice were 
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hecxp|>sied^ and the presence or. absence of ascites or 
splenomegaly was r Drug effectiveness was assessed 

on the basis; of tHe sturvival time. Results weire expifes^ed 
as a p^ of tJtie control sturvi^ time (survival Time 

5 = T/Cx^ C = control animals). The; 

crcit^^ was detemi : T/CxlOp^^^^^ 



30 



10 , Compound '.' p388 Leukemia 

■} ■} :■ 3.a-l 130 (I50mg/kg^ QiPx9) 

.•; -;"?;../aa-l. i40 (67mg/kg, Qipx9) 

• v-V-^*.;. • ■-- Mo (16a^/Nr,Q4Dx3| ;'v 

As shown in Table 10/ compounds la-^i and ib-i 
15 effectively incr^ the sxirvival time of mice treated 
with the comppiLihds at alj dosages and schedules. 

Melanotic Me lanoma B16 Test > The animals used 
were BgC3F^ mice i.^ all of one: sex> - weighing a minimum of 18 . g 
f PIT males and 17 g for females and all withih a 4 g weight 
20 r^nge at; the ^tailt^ thel- 1^ The : test gr^xip cim^jrise^^^ 

i or IP mice. The tumor ya^- ij^ pf th^ test 

v:^^^^: ;m^ of 0.5 ml bf a tumor 

hompgehate prepared by homdgfehizihg a 1 g portion of 
laelahotic melanb^ 
25 Comp5cmndi^ w4s 

aciministereid iiit at a dose of 100 mg/ kg once ; 

daily for nine consecutive days staring oh Day 1 relative 
to the day of tumor inoculation (Day p) . The control mice 
received injections ; of h only. 
The adce^ w^ survivors were r^ a 

: :; r^ Itoe median starvival time^ 

and tlie ratio the median survival tiiaeis .for treated (T) 
to cpntrpi CP); : mice were palcuiatied;; = :The median siirvival 
. : tinie of f ro|Q 15 to 17 

35 daysi briig effect;!^ assessed on the basis of 
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Figure 1 
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- siiirvival ^io^e* Results were expressed as a percentage of 
the control survival time ;;(S^^ Time T/Cxipo%; :t = test 
animals;: C = -cbnt The criterion for 

ef fjectiyeness va3 de^ by T/Cxi00>125 percent. 

• 5 : T/c tar tested compoxind la- 1 was 129,: 

indicating : that .compoxm ef f e^ctive for increasing ■ 

survival t^ the comppxind. . 

; MCF-7 HiiTnan Maminarv Gar cinoma Xenografts Mice 
were young adult , pathpgen-f ree , NCrOhu ( athymic : nude ) 
10 females purchased from Taconic Farms^ MCF-7 him 
carcinoma cells were obtained from the NCI Timor 
Repository, vexpanded intcul^ 

xenpgrajEts in nude mice/ and maintaihed in serial passage 
in nude mice as subcutaneous (sc) txiinors. All mice except 
15 one estrpgen-free cbntJirpl groupv (10 mice) rece^ a . 

coiiitrplled-release estradiol pellet (Innovative iResearch pf 

Tpledb, pH) implanted subcnitanepusi^^^^ Day p. • 
Tumor fragments (approximately 30 ing e^^^ implanted 
subcutaneous ly by trocar on the flank pppbsite the 
20 estradiol implant on Day 0. The estrogen-f ree cpntrols 
were a Isp implanted witi^ tumor fragments . Estrogen- 
imp lantedm^^^ randomized into a cphtrol gfroup of 30 
mice and f ive i^est girpups of 10 mice each. Boto . drugs were 
dissbived in sterile saline fo and both drugs 
25 were spluble iat the. dpsage prepared. TtiB five test groups 
;:X repeived drugf ta^ealm adriamycih, a ppsitiye 
: : -cpn^ was injerted bnce eyery^ days begihhirig 
on Day i for a tptal of threie injectidns -a^ 3.35 and 5 
mg/kg/dose. Compound lb-1 w^s injected once every f pur 
3 0 days beginning oh Day 1 for a total of f ive inj ectidns at 
iiS, 25 and 40 mg/kg/dbsei All drug treatment was 
administered intravenbuisl^^ (iv) to mice via the tail veirti " 
Estrogeri^free ari^^ 
• untreated reicibrded pn Days l> 5, 9, 13, 
35 1*:^, 21, -i3 aiid: 30. :D^ths were^ daily. Mice were 
palpated daily for the appearance of ^c t^ors. Tumors 





W0 92/C!7557 • PCI71JS91/08026 

-;32-.-- 

wer^ measured twice weekly^ dimensions by calipers. 

Tumor volume was calculated . usi^ the formula for a prolate ^ 
ellipsoid/ and volxmei was conver^ted to mass assuming unit 
density. Therapeutic response was assessed on the basis of 
5 ; tum growth delay (^^ tumor free survival > and overall 
■ si^ryivai. Drug toxicity wis^^ body , 

:; w^^ loss and early (relative to the completion pf 
^ ■'V.'/^'tr'eatmenty dea1thsv:;:V> 

Figure 4 shows a graph pf the me^diaqi tumdr: weight 
10 (mg) vs. the days post implkiit of the ttaiaors. Results f br 
: t^ control group of mice (Estrogen IMP.) ^a^ shown iy- 
solid circled; the results for compound ib-i are shown by 
^olid squares. As shpyn in Figure 4, tuijipr growth of ib-l 
treated mice ^^w at about day 30 at a weight 

15 significantly lower than the weight of the control mice. 
.The median tumor weight for the treated mice remained 
stable until about ^d^ 38 when tumor regrpwth began to 
increase.. . 
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. Claims 

:l. A (substituted ^^/a^^ 

O MH(CHj)i,CH(dli) (Clijl^MRiRa 

^ NH(CHj)^CIMOII) (CHj)^A 

wherein and R^ are independently H, C^-C^q alkyl/ aryl, 
arylalkyl, alkylaryl, or R^ and taken together with the 
5 adjacent nitrogen atom N form a sulDstituted or 
: unsubstituted cyclic ring which may optibnaily contain 
ladditiona]. heteroatbms^^ and m are independently i, 2, or 
3; A is Halogen, OH, alkoxy, OCOCNRgR^) , S-C(NH2)=NR5, or 
^^V^; -W^ = 1, comprises an oxirane ring with; the adjacent 
la; o^ R3, R4/ and R^ are independetntly H, alkyl, or 

; a^^ is OH, im^R^, CI, Bir,. I, E> alkyl, aryl, alkbxy, 
aryloxy , COOR3 , or CONR^R^q ; and R^ , R^,] , , aiid are 
A: independent lo\^er alkyl ^ or -aryl. ■ • 

2 . The : substituted^^ of blaim i wherein R^ and 

15 Rj independently are ; h: ; or idwer alkyl ; n and m are 

indepj^ndentiy 1 br 2 ; A is halogen, OGO (NR3R4) , SO (HHj) , 
or- When m - 1, comprises an pxirane ring; wit^ 
pxygetii: atom; R3, R^, ani^ R5 are. or alkyl; 

] and /x'/is li:;^^^ F, ; pr^;-alkoxy/; " 

20 3 . The siiblstituted anthraquinonie of - claim 2 wherein R^ and 
irideperidently are lower alkyl; i; and n are 1; A is 01, 
Br, (DcbciTOgR^), 1, comprises an 

'^k'y-':-axir^ine ring with tlie adjacent oxygen atom; R^, R^, aiid R^ 

are H ; arid X is; H or OH . 
25 4 . ; A pharmjaceutical ^ fpr inhibiting protein 

kiriase c comprising a substituted anthraquinone of claim 1 
and : avpharmaceutically acceptable carrier or diluent • 
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5 . A pharmaceutlcai composition for Inhibitlhg protein 
kinas^ C cpmprising a sufastituted ^^nthrjaquinone of claim 2 . 
and a : phkrmaceutically acceptable carrier or diluent . 

6. A; ph2Lrmaceutical composition for inhibiting/ protein 

5 kinase c comprising a substituted ahthracpxinone of claiia 3 
and a pharaa^^ , 
7i A method of -^1 kinase C which comprises 

contapting protein kinase C with an inhibitory amoxint of a 
substituted anthr^ the f brmula 

O NII(C!!j)^CII(bH) (CH^i^HkjRj > 

IQ wherein and R^^ are independently H, Ci-C^q allcyl, aryl, 
arylalkyl, alkylaryl/ or R^ and taken togetoer witt the 
adjace^nt riitrogen atom N form a substituted or 
unisubsitituted cyclic ring wiiich may conta^in ^dditionai 
h^terpatoms; n^^a^ m are indeE>endently l, 2>/ or 3; A i^ 

15 V Halqgen/ OH; a Ikoxy , dCp (NR^R^| ; ) =NR5 > or wheh m = 

1, cpmpris an oxirane ring with the ad jacent oxygen atom; 
^3 ' ^4 ' % independently H> alky 1 , or airyl; X is H, 

OH, NRgRyV CI, Br, I, P, alkyl, aryl , alkoxy, arylpjqr, 
C0(»gv or CONR^R^^^^ and R^q are 

2 iO independently H, Xpi^^ 

: 8i. The method of piai^ independently 
are |i 6x lower aikyi ; n and m ari^ independently l or 2 ; A 
; is liaipg^^^^ , sc(NH2)=?im5> pr Wlxen m = . 

/cpii4)ris^ ah atom; 

25 and R^^^^s^ and X is h; HO, 

CI, Bi^, i, or alkoxy. ; 

r:}^^: '^'- ^®^®fchod 6f 6ia^ eLhd Rj independently 

: are lower alkyl; m and n are 1; A is qi, Br, OCOjfNRjR^j , 

^ ^ ^^i^^i^^ when m = 1, comprises ah pxirahe ring with 
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the adjacent pxygeri atom; R^, and Rg are H; and X is H 
or OHv ■ ■ • 
10. The use of, a compound haying the formula 

^ d^^^ Nii(c?ii^)iiCH(dio 

5 wherein R^ and kj. atire independently H/ Qj^^io ^^^Y^i P^^Y^f 
arylatlkyl; alkylM Rj^ an^ Rj tiken together with the 

adjacent nit^fpgen ato^ or 
unsubstitute|d cyclic ring which inay optionally contain 
additional het,eroatoms ; n and m are independently 1, 2/ or 
io 3; A is Halogen, OHy alkoxy> pco( 
, when m = 1, coiaprises an^ ring with the adjacent 

oxygen atom / Rj , ^4 ' ^5 are independently H/ alkyl; or 
;^^ty X i^ H^^^^^^^^^^ F, alk^l, aryl, alkoxy/ 

aryloxy, CO 6r CCSNR^R^q; aiid R^, R^, Rgv R^ , and R^^ are 
15 independently lower alkyi, pr^^ of 
ai tQ^(ilp for inhibiting prptb^h^^ kin^^ C;^; 

il;v of claim lb wheirein s the - 

: fprit^^^ wheirein R^ and R^^^^^i^ are H or 

lower alky^l^^^ m at^ - independently l or 2; A is 

20 halogen,: bed (KR^^^ SCCNHj)?;!^^, p^^ in = 1, comprises 

; an bxiran with the adijaceht atom; R3, R^> and 

Rg^ ia^lkyl;; and is H, HO/ Cl> Br/ I, ; 

"""T,: 6r al^koxy A ■■■ '■■ • 
12. The use bi claim^^^i^ said compound has the 

25 formuia of claim 40 wherein R^^^^^^ R2 independently are 
lower alkyl; m and n are 1; A is Cl, Br , OCOCNRjR^)^^^/ 
SC(NH2)=NRg, or when in = 1/ comprises ah bxirane ring with . 
the adjade^ are H; and X is H 

or -OHVV ■ 
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